. While detailed characteristics of microcrystalline absorber material in terms of absorption behavior, transport properties, device performance and stability are available, only very little is known about the internal structure of this material. Recently, we have reported, in a transmission electron microscopy (TEM) study of undoped µc-Si:H films deposited on glass substrates that µc-Si:H shows a surprisingly large variation of internal microstructures [4, 5] . In this former study we found that the morphology is strongly dependent on the hydrogen to silane dilution ratio used during deposition. On the other hand, it is known that the microstructure is also critically substrate-dependent, at least during the early stage of growth [6] [7] [8] . In case of entirely microcrystalline p-i-n devices deposited on a transparent conductive oxide (TCO), not only the microstucture but also the quality of the electrical contact is essential for obtaining satisfactory solar cell performance. Especially the initial crystalline growth of the µc-Si:H p-i interface on the TCO is critical for a good working device. Sofar, only very little has been reported on the microstructure of entire µc-Si:H cells. This present work is a first attempt to focus on the structure of microcrystalline p-i-n devices by using TEM investigations. We show results of TEM cross-sections of two µc-Si:H cells with conversion efficiencies of 6 and 7 %, respectively. These two devices were deposited under slightly different deposition conditions, using in both cases the Very High Frequency Glow Discharge technique (VHF-GD) [9] .
EXPERIMENTAL Cell deposition
This study is based on two microcrystalline single-junction p-i-n solar cells named Cell A
transparent conductive oxide) layer deposited by us on a glass substrate. The doped layers of both cells investigated were deposited using the same deposition parameters. Both <i> layers were deposited at a plasma excitation frequency of 180 MHz. Microcrystalline growth was obtained using a silane concentration SiH 4 /(SiH 4 +H 2 ) of 5.6 and 5%, respectively, at a deposition temperature of 250°C. We observe that the hydrogen to silane dilution ratio critically affects solar cell performance [3] . As already reported on our film dilution series deposited on glass substrates, this deposition parameter also influences the microstructure [4, 5] . On the other hand, in a superstrate solar cell structure consisting of
deposition. In this case, the condition of the substrates certainly very decisive for obtaining an optimally grown p-i interface. The cells were characterised under AM 1.5 illumination and by spectral response measurements. Even if both cells were not optimised with respect to ultra-thin p-window or a high reflectivity of the back reflector, they still have conversion efficiencies between 6 and 7%. In this first attempt to investigate the microstructure of our cells, we aimed at choosing cells deposited under rather similar conditions, but exhibiting different electrical characteristics. Table I . shows the properties of the cells investigated by TEM. 
TEM sample preparation Both cells were prepared as cross-sections for TEM examination using a technique described in [10] . In order to achieve electron transparency, two pieces of the same specimen were glued head to tail (see Fig. 1 ). An special instrument named "Tripod" permits one to mechanically polish the "sandwich", thereby obtaining a corner with an angle as low as 0.6-0.8°. At the edge of the corner one gets then a thin enough zone (few 100 nm), where electron transmission occurs. After this preparation step, an ion-beam-assisted cleaning and polishing procedure was applied. In our case, the advantage of this mostly mechanical preparation technique of thin-film cross-sections is the reduced ion-milling step [10] .
In this preliminary study, we present our TEM observations made at low magnification (< 30000 x) in order to inspect the micrometric structure of our material. Bright field mode was used as well as dark field (DF) imaging. The two first diffraction rings were used to form dark field images. Indeed, we could qualitatively observe that the (220) diffraction rings yielded brighter DF images, indicating a (220) preferential growth orientation within both <i> layers of the cells.
RESULTS AND DISCUSSION
Both cells shows a significant difference in the microstructure, although only a slight intentional change in the deposition parameter was applied (with respect to H 2 dilution of silane). Figs. 2 and 3 represent the bright and dark field cross-sections of Cell A and Cell B, respectively. It has to be pointed out that the different characteristics of the two structures can be seen even at lower magnification.
At the bottom of Figs. 2 and 3 we can observe the teeth-shaped zinc oxide substrate over which our cells were grown in the upwards direction. On the top of each picture one can observe
much affected by the initial roughness of the TCO substrate. The growth of the <i>-layer smoothens the roughness of the substrate. This may have a beneficial effect on light-trapping properties of the cell.
The structure of the <i>-layer consists of an aglomerate of small microcrystallites (dark spots in Fig. 2) . The grains (i.e. aglomerates) have a diameter of several hundreds of nanometers and run across the whole thickness of the device. Close to the substrate, these aglomerates are loosely packed, resulting in visible cracks, appearing brighter on Fig. 2 . These cracks may consist of an amorphous phase or may just be voids. Towards the top of the cell, the microstructure becomes denser. Somewhat similar growth morphology has been observed for ntype layers deposited on flat crystalline silicon substrates [11] .
In Fig. 3 , the microcrystallites within the aglomerates of Cell B are evidenced by the dark field imaging conditions, where crystallites satisfying diffraction conditions appear brighter. Their diameter is of a few tens of nanometers, while their length depends on their location whithin the cell. Indeed, close to the ZnO substrate, the crystallites grow perpendicular to the ZnO facets; their length is equal to several tens of nanometers. However further away, they grow perpendicular to the average substrate plane, and their length can reach several micrometers.
The characteristic features of both microstructures are sketched in Fig. 4 . 
